We verify a conjecture of P. Seymour (Europ. J. Combinatorics 2, p. 289) regarding circuits of a binary matroid. A circuit cover of a integer-weighted matroid (M; p) is a list of circuits of M such that each element e is in exactly p(e) circuits from the list. We characterize those binary matroids for which two obvious necessary conditions for a weighting (M; p) to have a circuit cover are also su cient.
Introduction
In this paper, we verify a conjecture of P. Seymour 13, (16.5) ] which regards covering the elements of a binary matroid with circuits. We give a forbidden-minor characterization of those matroids which have a certain \Circuit Cover Property". The special case regarding graphic matroids, solved in 1], has had a number of implications for problems such as the Cycle Double Cover Conjecture, the Chinese Postman Problem, and Eulerian Decompositions 3, 6, 8, 17, 18, 19, 20] . We extend this result to the class of binary matroids by applying some fairly standard matroid decomposition techniques. This strategy involves verifying the conjecture for certain small matroids, and demonstrating that the relevant properties are preserved under matroid sums. The most involved single step (Lemma 5.4) requires checking that the bonds of a particular graph of order eight satisfy the conjecture. We assume familiarity with basic matroid theory such as in 15] .
Let M be a binary matroid on ground set E = E (M) (Here, Z + denotes the non-negative integers. For S E we write p(S) for P e2S p(e), and S ?e for S ?feg.)
The necessity of these conditions follows from the fact that, in a binary matroid, any circuit meets each cocircuit in an even number of elements. We say that (M; We describe here these matroids and some terminology. If M is a matroid then M denotes its dual. For any graph G = (V; E), M(G) denotes the matroid on E(G) whose circuits are the edge sets of polygons (simple closed walks) in G. The dual matroid M (G) has as circuits the edge sets of bonds (minimal edge cuts) in G. Matroids of the form M(G) (M (G) ) for some graph G are said to be graphic (cographic). The complete graph on n vertices is denoted K n , complete bipartite graphs are denoted with K s;t , and Petersen's graph is denoted P 10 . The Wagner graph V 8 (sometimes called the M oebius ladder of order eight) is obtained from the polygon v 0 v 1 : : : v 7 v 0 by adding four new edges of the form v i v i+4 . The Fano matroid F 7 is the binary matroid represented over GF (2) by the seven non-zero binary 3-tuples. Thus the circuits of F 7 are precisely the 4-arcs of the projective plane PG(2,2). We denote by R 10 the unique 10-element regular matroid which is neither graphic nor cographic (see 13] ). This matroid is conveniently represented by the edges of K 5 , where S E(K 5 ) is a circuit of R 10 if and only if S induces in K 5 either a polygon of length four or the complement of a polygon of length four.
As graphic matroids have no minors isomorphic to F 7 , R 10 or M (K 5 ), the main theorem extends (and relies on) the following result which was proved in 1].
1.5 Corollary A graphic matroid M(G) has the circuit cover property if and only if G has no subgraph contractible to P 10 .
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A circuit cover of a weighted cographic matroid (M (G); p) corresponds to a covering of E(G) with bonds. Thus a graph G has the bond cover property if (G; p) has a bond cover for every p : E(G) ! Z + such that (the edge set of) every polygon has even total weight and no edge has more than half the total weight of any polygon containing it. As none of F 7 , R 10 and M(P 10 ) is cographic, Theorem 1.4 implies the following. (K 5 ) and M(P 10 ) has the circuit cover property.
Proof. For each of these matroids we describe a circuit-minimal weighting p. F 7 : Let C be a xed 4-circuit of F 7 . Put p(e) = 1 for all e 2 C, and p(e) = 2 for the remaining 3 elements in F 7 .
R 10 : Let S be any 3-subset of elements not contained in any 4-circuit of R 10 . Put p(e) = 3 for all e 2 S, and p(e) = 1 for the remaining 7 elements in R 10 .
M (K 5 ): Let T be six edges in K 5 which induce a subgraph isomorphic with K 2;3 . Put p(e) = 1 for all e 2 T , and p(e) = 2 for the remaining four edges in K 5 .
M(P 10 ): Let F be the edges in a xed 1-factor of P 10 . Put p(e) = 2 for all e 2 F , and p(e) = 1 for the remaining 10 edges in P 10 .
It is routine to verify that all four weighted matroids are circuit minimal. We derive here a decomposition theorem for the class of matroids with which this paper is concerned. Although we use the terminology of Truemper 14] , it suits our purposes to de ne matroid sums in terms of cycles and cocycles (as in Seymour 12] 3.1 Lemma Every binary matroid with no F 7 minor may be constructed recursively by means of proper 1-sums, 2-sums and Y-sums, starting from copies of F 7 , R 10 , graphic, and cographic matroids. 2 We note that a Y-sum can not involve a copy of either R 10 or F 7 since neither matroid has a cocircuit of cardinality three. The second decomposition result is essentially due to Wagner 16] The following lemma completes the proof of the main theorem. It is the most involved single step in its proof. The details are supplied in the next section.
Lemma
The matroid M (V 8 ) has the circuit cover property.
Bond covers of V 8
To minimize confusion we use a separate terminology for graphs. A cycle in a graph G is the edge set of a simple closed walk in G. An edge cut is the set (X) of edges with exactly one endpoint in X for some X V (G). A bond is an minimal nonempty edge cut. We say that G has the bond cover property if M If G is a plane graph then G has the bond cover property if and only if the polygon matroid of its plane dual G has the the circuit cover property. As planar graphs do not have P 10 as a minor, Lemma 2.3 implies the following.
6.1 Lemma Every planar graph has the bond cover property. 
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As in Section 5, we de ne sl(C; e) := p(C ? e) ? p(e) for any cycle C and e 2 C. We say that an edge weighted graph (G; p) is bond admissible if (M (G); p) is admissible. Thus p : E(G) ! Z + is bond admissible if for each cycle C and e 2 C, sl(C; e) is a non-negative even integer. A cycle C in (G; p) is balanced if sl(C; e) 0 for all e 2 C, and is tight if sl(C; e) = 0 for some e 2 C. If sl(C; e) = 0, then e is called a leader of C. If G is simple and p is positive and bond admissible, then each tight cycle in (G; p) has a unique leader. A chord of a cycle C is an edge in E(G) ? C such that both its endpoints are incident with an edge in C. We recall that the symmetric di erence of two cycles in G is an edge-disjoint union of cycles in G. Since p is positive, equality holds if and only if D = C4C 0 , and C \ C 0 = ffg. 2 6.4 Corollary Let C be a cycle in G, e 2 C and let f be a chord of C. Let C e be the cycle in C ffg containing both e and f, and let C f be the cycle in C ffg ? feg. Then for any edge-weighting p we have sl(C; e) = sl(C e ; e) + sl(C f ; f 7.1 Problem Characterize the matroids in H. 13 
